Transformer power system is one of the most important electrical equipment, winding transformer failure is an important cause of damage and threaten the safe operation of the power grid. Through theoretical analysis, we propose a Lissajous analysis of transformer voltage / current characteristic analysis method to detect winding faults, while the design of the experimental method, by specific experiments further confirmed Lissajous characteristic analysis method based on effectiveness of transformer winding faults provides a new detection method.
INTRODUCTION
Transformer winding state operating conditions and factors, such as insulation and historical data have a complex relationship, existing research is mainly on the winding fault fixed operating environment equivalent model test analysis and simulation of the winding, due to the lack of measured data lack of support, often makes the analysis necessary to verify the validity of the results, limiting the study in response to changes in the mechanism of winding failure. [3] Lissajous figure method can find an online monitoring and identification methods, effective access to the response characteristics of the transformer winding, will promote the improvement of transformer winding fault diagnosis technology. [7] II. LISSAJOUS FIGURES ANALYSIS FUNDAMENTALS For analysis of the short-circuit impedance method parameters characteristic less, and can not find fault capacitive faults proposed structure transformer voltage and current Lissajous figures, winding deformation analysis method, a new method to establish an on-line monitoring of winding deformation.
Transformers line input voltage, input current with the same frequency, by eliminating the common time parameter t, you can get the input voltage and input current relationship building between the two Lissajous figures. Set the input voltage to y1 said its amplitude to A1 represents the input current to y2 said its amplitude to A2, said initial phase φ, said time t indicated by the angular frequency ω, said the relationship between the two derived as follows:
Through the triangular transformation, the equation (2) can be transformed as Equation (3) 
When the value of the formula (7) is less than 0, y1, y2 configured elliptical pattern (Lissajous).
Voltage from the transformer, the current configuration of the vector diagram ( Fig.1b ) can be seen, the primary side of the transformer can not issue a power, voltage, phase current does not reach 180 °. So for the transformer, the formula (1.7) the result would be less than zero, that is, its voltage and current will constitute Lissajous oval pattern shown in Fig.2 .
The transformer voltage, current vector diagram Considering the transformer during operation, the load is always changing. Although in a series of measures to protect and stable operation of the power grid, the nature and size of the load within a certain time a small change, but it will still be directly change the transformer equivalent circuit parameters, thereby changing its response, causing the voltage and current composition Lissajous such as changes in the graphic. When the over-voltage or short circuit fault is removed, the transformer can still run short in normal conditions, but the load is changed greatly. Therefore, it must be real-time monitoring of load characteristic, Lissajous graphics features to consider changes caused by load changes, the impact of changes and amendments to the load, thus avoiding the introduction of winding deformation load variation diagnostic errors.
In addition, there is a transformer magnetic material makes its operation may have a non-linear characteristics. However, conventional transformer saturation magnetic flux permeable material is between 1.15 to 1.4 times the rated magnetic flux, and under normal operating conditions, the transformer is in the linear region of magnetic material, the magnetic flux which does not exceed 1.1 times the rated flux. When a short circuit or over-voltage fault is eliminated, the transformer can be short running under normal operating conditions.
In summary, both before and after the failure of transformer has a linear characteristic, therefore, may be a phase winding transformer is equivalent to a linear two-port network, consider the impact of real-time load variation, amendment Lissajous method. As shown in Fig.3 , an equivalent circuit diagram for the transformer when a load ZL.
As shown in Fig.4(a 
III. EXPERIMENTAL PLATFORM AND RESULT ANALYSIS
In order to verify the validity and sensitivity Lissajous figure method to determine and analyze the winding deformation, a maintenance base in Chongqing to build a transformer winding test platform. Select the fault in the transformer winding deformation demolition carried out test winding winding winding case covers health, spoke to the deformation of the winding, winding axis offset, pitch change between cake winding, winding inter-turn short circuit, etc., winding through different tests Research Lissajous figure parameter variation with winding real deformation failure. Select fault transformer manufacturers are the same.
Test for 220 V power frequency voltage source, the test load is 50 Ω power resistors, the test voltage measuring device for Tektronix P5100A probes, test current measurement device for Pearson 101 coils for Tektronix Digital Phosphor Oscilloscopes Oscilloscopes DPO4054, test cables were for copper, coaxial cable and high-voltage wire. Test using 220 V power frequency test, winding and 50 Ω power resistor in series with the main test circuit. In order to avoid error wiring and wiring length introduced, all wiring and wire and cable test model uses exactly the same, the specific connection shown in Fig.5 . Respectively, the input voltage and output current probe coil and Pearson measured and displayed with an oscilloscope and data acquisition. 
IV. SUMMARY
According to the equivalent circuit winding when winding deformation, the equivalent circuit parameters will change its Lissajous response characteristics corresponding changes will occur. Because different winding deformation, the equivalent circuit parameters change is not the same, and ultimately the formation of Lissajous figures are different. Fig.7 , Lissajous health winding and winding various fault exists obvious differences. Fig.7 (b) , each winding Lissajous figures do not coincide with each other in the minor axis of the ellipse, that is, its minor axis length varies; Fig.7 (c) , each winding Lissajous figures in the long axis of the ellipse do not overlap each other, i.e., the major axis and the slope are different. Fig.7 intuitive performance and fault healthy winding winding Lissajous have obvious differences, but with different faults, Lissajous winding vary its parameters vary, which effectively verified Lissajous graphics can distinguish different deformation fault winding.
